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THE NIMBUS D VERSATILE INFORMATION PROCESSOR (VIP) 
SATELLITE SYSTEM 

by: Paul Feinberg 

In t roduc t ion  

S a t e l l i t e  te lemet ry  systems in  the p a s t  have been t a i l o r e d  t o  a p a r t i c u l a r  
mission o r  a predetermined s e t  of experimental  requirements.  A unique 
te lemet ry  system concept has been developed and w i l l  be implemented on t h e  
Nimbus D s a t e l l i t e  which w i l l  provide a g r e a t  degree of f l e x i b i l i t y  i n  t h e  
sampling and format t ing  of experimental o r  housekeeping d a t a  - t h e  f l e x i b i l i t y  
being achieved without  des ign  o r  wiring changes. 
t h e  Versatile Information Processor  (VIP). 

This  new system is c a l l e d  

General 

The Nimbus D VIP (Figure  1) w i l l  t ime mul t ip l ex ,  d i g i t i z e  ( i f  r equ i r ed ) ,  

Spacecraf t  Time Code w i l l  a l s o  be processed 
and format d a t a  from seven d i f f e r e n t  experiment systems and from a l l  
Nimbus D housekeeping sources .  
by t h e  VIP. 
t h e  ir de  ta : 

The folluwing Nimbus D experiments w i l l  use  VIP t o  process  

Cloud Top Spectrometer 
U l t r av io l e t  Spectrometer (MUSE) 
Inf ra red  Spectrometer (SIRS) 
Sfe r i c s  
Se lec t ive  Chopper Rad ime te r  
Backscatter UV 
Filter Wedge Spectrometer 

Indiv idua l  sampling rates for  these exper-nts w i l l  vary from 5 sq ' les /  
s e c  t o  80 samples/sec; s a t e l l i t e  housekeeping w i l l  normally be sampled a t  
1 sample/second o r  1 sample/l6 second. 

The above experiment and housekeeping inpu t s  w i l l  be accepted i n  e i t h e r  
analog o r  d i g i t a l  form and w i l l  be formatted wi th  synchroniza t ion ,  i d e n t i f i -  
c a t i o n  and o the r  s t a t u s  words i n t o  one of s e v e r a l  frame sequences. 

Sampling rates and sequences w i l l  be generated through t h e  use  of a 
memory, con t ro l  l o g i c ,  and a s i n p l e  coamnand o r  i n s t r u c t i o n  r e p e r t o i r e .  
To genera te  a sampling sequence, memory l o c a t i o n s  w i l l  be used i n  a computer 
l i k e  manner such that when the contents  of t h e  memory l o c a t i o n s  are decoded, 
a series of c o n t r o l  pu l se s  w i l l  be produced f o r  any given input  channel 
while  w i l l  r e s u l t  i n  t h e  des i r ed  sampling rate for  that channel.  Other 
memory l o c a t i o n s ,  when decoded, w i l l  genera te  t h e  necessary synchroniza t ion  
and i d e n t i f i c a t i o n  words. 



The memory w i l l  be sec t ioned  wi th  each s e c t i o n  of memory used t o  
genera te  a d i f f e r e n t  program o r  commutation sequence. 
one of these  memory s e c t i o n s  w i l l  be reprogrammable from t h e  ground, 
thus  providing a remote programming c a p a b i l i t y  i n  changing sampling 
r a t e s  or  sequences before  or a f t e r  launch. A maximum of four  d i f f e r e n t  
programs can be generated f o r  o p e r a t i o n a l ,  launch o r  any o t h e r  s p e c i a l  
samp 1 ing sequence. 

The con ten t s  of 

The Nimbus D VIP d a t a  w i l l  be formatted i n t o  a 4000 b i t  pe r  second 
(400 word per second) s e r i a l  b i t  stream to be recorded i n  bi-phase ( s p l i t  
phase) on one of f i v e  t r a c k s  of t h e  Nimbus D High Data Rate Storage 
System (HDRSS-D) t ape  r eco rde r .  The HDRSS-D w i l l  permit t h e  record ing ,  
s t o r a g e  and t ransmission of d a t a  from s e v e r a l  spacec ra f t  systems - t h e  
VIP being one such system. Data w i l l  be c o l l e c t e d  and s t o r e d  over an  
e n t i r e  o r b i t  on t h e  f i v e  t r a c k  t ape  r eco rde r ,  and upon ground i n t e r r o g a t i o n ,  
played back a t  32 t i m e s  t h e  record speed. A l l  f i v e  t r a c k s  are played 
back simultaneously through a frequency d i v i s i o n  m u l t i p l e r  whose output  
frequency modulates a S-band t r a n s m i t t e r .  

I n  add i t ion  to being s t o r e d  on HDRSS-D, t h e  4000 b i t  pe r  second 
formatted VIP d a t a  w i l l  be t r ansmi t t ed  i n  real time over t h e  136.5 megacycle 
beacon t ransmission l i n k .  

VIP Components 

The V I P  spacec ra f t  subsystem can be d iv ided  i n t o  four  (4) main 
s e c t  ions  : the memory sequencer ,  t h e  format t ing  u n i t ,  t h e  reprogramming 
u n i t  and t h e  beacon t r a n s m i t t e r  u n i t .  The memory sequencer inc luding  
t h e  memory and memory sequence c o n t r o l l e r  c i r c u i t r y  w i l l  output  b i t  
p a t t e r n s  which, when decoded by the format t ing  u n i t ,  w i l l  genera te  t h e  
requi red  sampling sequence. 

The formatt ing u n i t  w i l l  decode t h e  memory sequencer b i t  p a t t e r n s  
i n t o  t h e  required sampling sequence. The format t ing  u n i t  w i l l  con ta in  
analog and d i g i t a l  ga t ing ,  a g a t e  s e l e c t i o n  ma t r ix ,  an  a n a l o g - t o - d i g i t a l  
conver te r  and t h e  necessary c o n t r o l ,  t iming  and format t ing  l o g i c .  

The reprograming u n i t  w i l l  load the  reprogramnable s e c t i o n  of t h e  
memory from a s e r i a l  b i t  stream suppl ied  by t h e  Nimbus D Command Clock 
Subsystem. 
ground v e r i f i c a t i o n  w i l l  t ake  p l ace .  

Af te r  each loading of t h e  reprogrammable s e c t i o n  of t h e  memory, 

The beacon t r a n s m i t t e r  u n i t  w i l l  provide a real-time t ransmiss ion  
of  e i t h e r  t he  VIP 4000 b i t  per  second output  b i t  stream, o r  t h e  Command 
Clock Time Code output b i t  stream/Cormnand Clock Memory unload b i t  s t ream. 

Deta i led  Descr ipt ion 

By t h e  unique use of a 512 word memory and c o n t r o l  c i r c u i t r y ,  t h e  
VIP is a b l e  t o  time d i v i s i o n  mul t ip l ex  d a t a  i n  a f l e x i b J e  and e f f i c i e n t  
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manner. 
non-des t ruc t ive ,  read only por t ion  of  t h e  memory which can be programmed 
o r  loaded with s p e c i a l  ground eqvipment through a hardwired connect ion 
before  launch. 128 memory words w i l l  be in a non-destruct ive readout 
(NDRO) p o r t i o n  of the memory. T h i s  por t ion can be a l t e r e d  a t  any t i m e  - 
on t h e  ground or af ter  launch - by remote means through thc  Nimbus D 
Command Clock. 8 words of memory w i l l  be used t o  provide a " s c r a t c h  
pad" memory funct ion.  
t h e  necessary counters  t o  generate  required sub-cornrnutation sequences. 

376 words of t h e  512 word (10 bi ts /word)  memory comprise a 

The purpose of t h i s  memory p o r t i o n  1s t o  provide 

To generate  any program o r  sampling sequence, t he  memory can be 
thought of as being composed of up t o  4 independent s e c t i o n s ,  each 
capable  of  gene ra t ing  a p a r t i c u l a r  program. I n  o rde r  t o  switch t o  a 
s p e c i f i e d  memory s e c t i o n ,  a ground command through t h e  Command Clock 
is r equ i r ed .  

The con ten t s  of most memory words c o n s i s t  of 10 b i t  i n t e r n a l  commands 
or i n s t r u c t i o n s .  There are 8 d i f f e r e n t  VIP commands which permit t h e  
e f f i c i e n t  gene ra t ion  of an almost unlimited v a r i e t y  of formatted sequences. 
Command words are used: 

a.  To gene ra t e  sampling of  arbi t rary p o i n t s  one or more times 
i n  each minor frame. 

b .  To genexate subcpmuted sampling of a r b i t r a r y  po in t s .  

c .  To gene ra t e  synchronizat ion,  i d e n t i f i c a t i o n  and o the r  s p e c i a l  
word 8 .  

d .  To "jump" to t h e  beginning of t h e  program being executed or  t o  
t h e  s t a r t  of t he  major frame sequence of another program. 

The 10 b i t  binary words of some commands are used as addres ses  t o  
open p a r t i c u l a r  g a t e s  t o  be sampled. Attached t o  each VIP g a t e  - t h e r e  
w i l l  be  approximately 1000 of them - can  be an analog or digital input 
from a s p a c e c r a f t  system. The VIP w i l l  decode t h e  above t y p e  commands 
and produce c o n t r o l  pu l se s  which w i l l  a l l ow sampling of t h e  input a t  
t h e  r equ i r ed  t i m e  and rate. The f u l l  decoding of t h e s e  10 b i t  commands 
resul ts  in Z1* unique combinations, i . e .  all numbers from 0 t o  1023, 
and consequently any of t h e  VIP 1000 inpu t  can be sampled by s p e c i f y i n g  
i t s  assigned VIP g a t e  number. 
10 b i t  word 0001000001 would produce a pulsq which would al low t h e  sampling 
of t h e  input connected t o  VIP gate  number 6 5 .  

For example, t h e  decoding of t h e  p a r t i c u l a r  



b. VIP gate addresses 32 through 63 will be used t o  w.mEp1.e d i g i t a l  
11 B I t  \single-bit d i g i t a l )  i npu t s .  
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Sub-:ommutated sampling of i npu t s ,  i .e. mul t ip lex ing  a t  submul t ip les  
of t h e  minor frame rate,  r e q u i r e s  a d i f f e r e n t  genera t ion  technique.  I f  
a minor frame word p o s i t i o n  is t o  be sub-commutated, it r e q u i r e s  t h e  use  
of memory worde which are used a s  counters. These counters  w i l l  a l low 
t h e  genera t ion  of e i t h e r  s equen t i a l  o r  a r b i t r a r y  subcommutat ion.  Sequent ia l  
subcommutation is t h e  sampling of inputs connected t o  consecut ive VIP 
g a t e  addresses  ( i . e .  . . . .5,6,7,8,9,. . . -); a r b i t r a r y  subcommutation is t h e  
sampling of i npu t s  connected t o  random VIP g a t e  addresses  ( i . e  ..... 1 1 , 2 ,  
14,81,10 ,....). 

Seqttential counters  ins tead  df a r b i t r a r y  counters  w i l l  be used i n  
t h e  g r e a t  ma jo r i ty  of cases  t o  develop subcommutation because it t a k e s  
only 3 words i n  memory t o  implement a sequen t i a l  counter .  These 3 words 
permi t  t h e  count ing from a s t a r t i n g  gate  address  f o r  a p a r t i c u l a r  sequence 
t o  a f i n a l  ga t e  address .  I n  Figure 2A f o r  example, one counter is used 
t o  develop t h e  sequen t i a l  sub-commutation f o r  minor frame word p o s i t i o n s  
16 ,  21 ,  and 27.  This one counter  allows sub-commutation t o  a depth  of 
5 f o r  each of t h e  3 minor frame word p o s i t i o n s .  Since any one counter  
can count from 0 t o  1023, a p a r t i c u l a r  counter  can be used t o  produce 
sub-commutated sequences f o r  many minor frame words which r e q u i r e  t h e  same 
depth  of sub-commutation. 

To genera te  an  a r b i t r a r y  sub-commutation sequence such as used f o r  
minor frame word p o s i t i o n  61 i n  Figure 2A, you must s t i l l  use 3 words 
i n  memory t o  develop a counter .  However, t h e  va lues  of t h i s  counter  
are not decoded and used t o  d i r e c t l y  address  o r  open a VIP g a t e ,  but  
i n s t ead  t h e  counter va lues  are used t o  s e l e c t  ( i n d i r e c t l y  address )  o the r  
memory l o c a t i o n s  which are i n  t u r n  decoded and used a s  i n  s e q u e n t i a l  
sub-commutation. For each a r b i t r a r y  sub-commutation sequence genera ted ,  
3 words i n  memory are requi red  f o r  t h e  counter  and 1 a d d i t i o n a l  word i n  
memory is requi red  f o r  each VIP g a t e  of t h e  sub-commutated, 8 words of 
memory would be r equ i r ed ;  whereas i f  t h e s e  same 5 inpu t s  were s e q u e n t i a l l y  
sub-commutated 3 words i n  memory would be  r equ i r ed .  

A r b i t r a r y  sub-commutation, although not as e f f i c i e n t  t o  gene ra t e  
as sequen t i a l  sub-commutation, is necessary t o  provide f l e x i b i l i t y  i n  
t h e  a l l o c a t i o n  o r  changing of t h e  sequencing of a n  ind iv idua l  input  o r  
group of i npu t s  once t h a t  input  o r  group of inputs  has been connected 
t o  t h e  VIP. For example, i f  a p a r t i c u l a r  input  were wired t o  VIP g a t e  
number 109 and another  input were wired t o  VIP g a t e  261 and i f  it were 
requi red  t o  sub-commutate these  2 inputs  , then  a r b i t r a r y  sub-coxmutat ion  
would be used since sequen t i a l  sub-commutation could only sub-commutate 
inpu t s  by incrementing by one ( i . e .  107, 108, 109 e t c . ) .  Arb i t r a ry  
sub-commutation can a l s o  be used t o  genera te  sub-eommutatinn sequences 
where requirements  e x i s t  f o r  t h e  mul t ip lex ing  of t h e  d i f f e r e n t  t ypes  of 
inputs  - analog ,  d i g i t a l  "A" and d i g i t a l  '*Brl - i n  t h e  same sub-commutation 
sequence 

5 



The VIP output  b i t  rate of 4000 bits /sec ( l o  b i t e / o u t p u t  word) limits 
the total poss ib l e  VIP sampling r a t e  f o r  'Nimbus D t o  400 samples/aec.  
is noted t h a t  t h e  Nimbus D VIP output is cons t ra ined  t o  400 b i t s / s e c  due 
t o  t h e  packing d e n s i t y  l i m i t a t i o n  of t h e  HDBSS-D t a p e  r eco rde r .  The VIP 
i t s e l f  is  capable of up t o  12000 b i t / s e c  output  rates. 

It 

To layout and genera te  61 Nimbus D VIP major and minor frame format, 
such a s  shown i n  Figure 2 and 2A, t h e r e  are va r ious  f a c t o r s  whit!? must 
be considered 

l Memory Eff ic iency  

The PIP Commmd L i s t ,  d e t a i l e d  i n  Appendix A ,  must be used with 
ingenui ty  so t h a t  t h e  376 words of t h e  nont-destructive read o d y  po r t ion  
of memory are adequate f o r  a l l  "fixed" mission programs and t h e  128 words 
of the NDRO po r t ion  of memory are adequate f o r  t h e  t t reprogrameble ' t  mission 
p r ograms . 

U t i l i z i n g  sequen t i a l  ins tead  of a r b i t r a r y  sub-cormnutat ion is  an 
example of one means of more e f f i c i e n t l y  us ing  t h e  VIP memory. When 
us ing  sequent ia l  sub-commutation, however, t he  consecut ive addresses  
generated by t h e  sequen t i a l  counter cons t r a ins  t h e  mixing of analog 
and d i g i t a l  s i g n a l s  i n  t h e  same sequence. This p o i n t s  out how t h a t  i n  
sme ins tances  using t h e  memory e f f i c i e n t l y  e f f e c t s  t h e  type  of sequences 
which t h e  VIP can genera te  and t h e r e f o r e  t o t a l  system t r a d e o f f s  must be 
considered i n  any frame genera t ion .  

2 .  Sampling Capacity 

The t o t a l  Nimbus D VIP sampling capac i ty  f o r  experimental. and house- 
keeping sampling, as wel l  a s  fo r  synchroniza t ion  and i d e n t i f i c a t i o n  
gene ra t ion ,  is 400 samples/ses. Indiv idua l  sampling requirements must  
be sub-mult iples  of th is  total and masat be a b l e  t o  be s t r u c t u r e d  i n t o  t h e  
des i r ed  t o t a l  frame. For example, i f  a new experiment which requi red  
sampling a t  4 samples/sec,  were t o  be formatted i n t o  t h e  Figure 2 frame, 
it would be more e f f i c i e n t  f o r  t h e  VIP t o  sample t h i s  experiment 5 
samples/sec.  The sampling a t  5 samples/sec amounts t o  sampling occe i n  
each minor frame and t a k e s  only 1 word i n  memory LO genera te .  To 
sample t h e  experiment a t  e x a c t l y  4 samples/sec would r e q u i r e  t h e  use of 
a counter  and would t h e r e f o r e  be less e f f i c i e n t  t o  genera te .  
w e  have used an e x t r a  sample/sec f o r  t h e  experiment.  
requi red  minimum sampling rate f o r  an experiment may be s p e c i f i e d ,  a higher  
sampling r a t e  may a c t u a l l y  be u t i l i z e d  by t h e  VIP t o  e f f i c i e n t l y  s t r u c t u r e  
t h e  sampling i n  t h e  t o t a l  format. 

I n  t h i s  case  
Thus, a l though t h e  
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3. Gat ing Capaci ty  

The Nimbus D VIP w i l l  provide f o r  t h e  sampling of approximately 
1000 d i s t i n c t  input s i g n a l s  as follows: 

A. 576 + 68 analog inputs  
B.  
C. 320 2 30 d i g i t a l  "B" i npu t s  ( s i n g l e  b i t  d i g i t a l )  

16 d i g i t a l  "A" inputs  ( s e r i a l  d i g i t a l )  

4. VIP System Parameters 

The fol lowing are s p e c i f i c  VIP parameters which w i l l  a f f e c t  frame 
genera t  ion : 

A. The VIP w i l l  be  capable  of accept ing  four  commands f r a n  the 
Nimbus Command Clock which w i l l  be used t o  select one of four programs 
s to red  i n  t h e  memory. Four words i n  t h e  memory w i l l  conta in  t h e  s t a r t i n g  
addresses  of t h e  four  s to red  programs. 

B. The VIP w i l l  be capable of  genera t ing  e i g h t  d i f f e r e n t  subcomuta ted  
sequences,  each of a r b i t r a r p  l eng th  and s t a r t i n g  po in t .  These sequences 
are generated by counters ,  m e  of which w i l l  be used t o  genera te  a minor 
frame count. Each sequence w i l l  be  capable of occur r ing  one o r  more t i m e s  
dur ing  each minor frame wi th  a maximum l eng th  of subcommutation determined 
by a 10  b i t  l i m i t  va lue .  

C. The VIP w i l l  produce major and minor frame formats which a r e  
synchronized t o  t h e  Hin i t r ack  Binary Time Code generated by t h e  Nimbus D 
Clock Subsystem. Major frames w i l l  occur a t  1 per  second or m u l t i p l e s  of 
1 per  second; minor frames w i l l  occur a t  0 .1  second or mul t ip l e s  t he reo f .  
A maximum of 256 minor frames w i l l  comprise any generated major frame 
sequence. 

D. One, two o r  three 10-b i t  words i n  each minor frame w i l l  be used 
f o r  frame synchronizat ion.  The d i g i t a l  coding and frequency of occurrance 
of frame sync w i l l  be spec i f i ed  by t h e  memory sequencer program. 

E. One 1 0 - b i t  word i n  each minor frame w i l l  be used t o  i d e n t i f y  
t h e  program (mode) and the  minor frame being generated.  The f i r s t  two 
b i t s  of t h i s  word w i l l  spec i fy  which one of four  VIP programs is  being 
generated.  The f i n a l  e igh t  b i t s  of th i s  word w i l l  spec i fy  t h e  number of 
t h e  minor frame being generated.  

. 

F. The Command Clock Subsystem w i l l  genera te  a Binary Coded Decimal 
(BCD) T ime  Code occurr ing  serially a t  100 b i t s  p e r  second. The frame ra te  
of one-per-second used four  b i t  binary coded decimals f o r  seconds,  t e n s  
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of seconds, minutes ,  t ens  of minutes ,  hour~e, t e n s  of hours ,  days,  tens of 
days ,  hundreds of days and s t a t i o n  "PIE. 
between the above da t e  b i t s  t o  produce the 108 b i t s  per  second T h e  Code 

llZeros'l and sync b i t s  a r e  i n t e r l a c e d  

rate. Every 0.2 second t h z  VI" ?ormatting u n i t  w i l l  i n s e r t  i n t o  t h e  minor . +  

frame output format gciic;-C" Fua. at a t i m e  s p e c i f i e d  by the memory 
sequencer ,  w 30-bit wcx-3 c o n s i s t i n g  of two consecut ive 4 b i t  Binary T ime  
Code samples ( e . g . ,  seconds and t e n s  of s e c ~ n d s ,  e t c . )  w i th  each sample 
preceeded by i t s  Time Code word sync b i t .  

VIP Usex In t e r f ace  Requirements 

Users with  experimental  or housekeeping inputs  t o  t h e  VIP must 
conform t o  t h e  following i n t e r f a c e  requirements:  

1. Analog inputs  

Analog inpu t s  t o  the  VIP s h a l l  range from 0 v o l t s  t o  -6.375 voltso 
D i g i t i z a t i o n  of analog d a t a  w i l l  be accomplished wi th  a conversion Q ; C G U H ' I S ~  

of 1 p a r t  in 256 (8 b i t s )  or 25 mv. 

Experiment or te lemetry output impedance s h a l l  be 10K o r  less t o  
main ta in  one precent  accuracy. However, w i th  p r i o r  approval ,  higher  output 
impedance is permiss ib le  when capac i tor - te rmina ted  outputs  a r e  provided. 

The input impedance presented t o  each a m l o g  input  s i g n a l  w i l l  be 
1 megohm during sampling time and 10 megobs  dur ing  non sampling OK t u rno f f  
time. 

Leakage cu r ren t  t o  any analog input  s h a l l  be maximum of 1pa dur ing  
sampling time and 50 na dur ing  non-sampling t h e ,  Under f a u l t  so i ,d i t ioas  
t h e  analog inputs t o  t h e  VIP s h a l l  not exceed -25 v o l t s  OK H . 8  volts. 

2., Digi ta l  "A" IQputo 

The V I P  d i g i t a l  "A" input ga t ing  s h a l l  enable  t h e  t r a n s f e r  of 81 

maximum of 30 b i t s  of d i g i t a l  d a t a  p e r  sample from aP* Pu+ernal  source 
o r  experiaent t o  the  VIP. Figure 3 shows t h e  d i g i t a l  "A" con t ro l  s i g n a l  
c h s r a c t e r i s t  i c s  and source i n t e r f a c e  requirements  when us ing  t h i s  i n p u t .  
B 1  sand CI. a r e  t iming s i g n a l s  somon t o  a l l  d i g i t a l  "A" u s e r s .  A 1  is a 
c o n t r o l  s i g n a l  from t h e  VIP t h a t  is provided t o  each p a r t i c u l a r  d i g i t a l  
''A" u s e r .  Each u s e r ' s  information s h a l l  be accepted du r ing  h i s  "A1" pu l se  
s e l e c t  i n t e r v a l .  The user's f i r s t  (most s i g n i f i c a n t )  b i t  of information 
t o  be t r a n s f e r r e d  s h a l l  be e s t a b l i s h e d ;  i . e . ,  reached 90% of va lue ,  a 
minimum of 90 ps before  the leading  ( p o s i t i v e  going) eqge of t h e  f irst  
" C l "  s h i f t  pulse  s i g n a l .  The most s i g n i f i c a n t  b i t  s h a l l  remain a t  its 
l e v e l  a t  least u n t i l  t he  lead ing  edge of t h e  f i r s t  "C1" s h i f t  pu l se  s i g n a l  
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occurs .  The second through t e n t h  most s i g n i f i c a n t  b i t s  s h a l l  be 
e s t a b l i s h e d  by t h e  f a l l i n g  (nega t ive  going) edges of t h e  f i r s t  9 'lCll' 

s h i f t  p u l s e s .  
s h i f t  pu l se  s i g n a l  t o  t h e  poin t  at which t h e  t r a n s i t i o n ,  i f  any, of t h e  
information output  s i g n a l  is 90% complete shall be less than  20p3. 
b i t s  must  remain a t  t h e i r  l e v e l s  a t  l e a s t  u n t i l  t h e  l ead ing  edge of  t he  
next "C1" s h i f t  pu lse .  A +5 +0.8 v o l t  s i g n a l  s h a l l  be e s t a b l i s h e d  wi th  
t h e  t e n t h  l'C1ll s h i f t  pu lse  and s h a l l  remain f o r  a minimum of 100 ps. 

The t i m e  de lay  from t h e  10% po in t  on t h e  f a l l i n g  edge of t he  

These 

When being sampled, the user's information output  s i g n a l  (''Di") 
s h a l l  be 0 W.8 v o l t s  f o r  a l o g i c a l  "0" and +5 +0.8 v o l t s  f o r  a 
l o g i c a l  "l"-with rise and f a l l  t i m e s  of less th& 1 ps. 
times t h e  experiment is not being sampled, i . e . ,  when t h e  "Ai" pu l se  
is a t  0 9 . 8  v o l t s ,  t h e  u s e r ' s  information output  s i g n a l  s h a l l  be 
0 - +0.8 v o l t s .  

During a l l  

With t h e  experiment power ON or OFF, t h e  u s e r ' s  "D1" s i g n a l  ou tput  
impedance s h a l l  be 600 ohms or  l e s s .  Under f a u l t  condi t ions  t h e  d i g i t a l  
"A" i npu t s  t o  t h e  VIP s h a l l  not exceed -1 o r  +8 v o l t s .  

3. D i g i t a l  "B" i npu t s  

The d i g i t a l  "B'I input ga t ing  s h a l l  provide f o r  t h e  mul t ip lex ing  
of s i n g l e - b i t  d i g i t a l  d a t a  (such as r e l a y  ON/OFF l e v e l s )  i n t o  t h e  VIP 
output b i t  stream. 
u t i l i z e  t h e  d i g i t a l  "B" ga t ing .  

Control  s i g n a l s  s h a l l  not  be provided sources  which 

Sources which use  t h e  d i g i t a l  "B" g a t i n g  s h a l l  have a te lemet ry  
output  of 5 v o l t s  minimum t o  10 maximum f o r  t h e  ON condi t ion  and 0 
v o l t s  minimum t o  1 .0  v o l t s  maximum fo r  the OFF condi t ion .  The source 
impedance i n  the ON condi t ion  s h a l l  be 1 megohm o r  less; i n  t h e  OFF 
cond i t ion  50K ohms o r  less. Under f a u l t  cond i t ions  t h e  d i g i t a l  "B" 
i npu t s  t o  t h e  VIP s h a l l  not exceed 25 or W.8 v o l t s .  

Major Frame Pulse  

To enable  experimenterg t o  phase t b i r  systems t o  the  s ta r t  of a 
VIP sampling sequence, t h e  VIP w i l l  make a v a i l a b l e  a major frame pulse  
250ps i n  l eng th ,  whose negat ive  going edge is coinc ident  w i th  t h e  s t a r t  
of each major frame. 
fol lows : 

Charac te r i s t i c s  of t h e  major frame pulse  are as 

Amplitude: 
Output Impedance: 
Rise and F a l l  Time: Less than 1ps 

-5 +0.8 v o l t s  and 0 k0.8 v o l t s  
1000 ohms or  less 



User Sampling Rates 

The VIP w i l l  o f f e r  t h e  use r  two types  of sampling f o r  each of h i s  
i npu t s .  
t o  exact meaningful d a t a .  The second w i l l  be a t  a higher  r a t e  than  normal 
which would be  requi red  f o r  f a i l u r e  o r  malfunct ion a n a l y s i s  o r  which would 
be required fo r  s p e c i a l  purposes dur ing  t h e  sa te l l i t e  l i f e t i m e .  

The f i r s t  w i l l  be a t  t h e  u s e r ' s  s p e c i f i e d  normal rate requi red  

The Nimbus D sampling requirements w i l l  be generated by one Operat ional  
frame or  program such as shown i n  Figure 2 ,  
requirements a r e  s p e c i f i e d ,  a f i n a l  v e r s i o n  of t h i s  ope ra t iona l  program 
w i l l  be def ined.  
sampling a t  e i t h e r  one of two rates: 
Other housekeeping rates can a l s o  be made a v a i l a b l e .  

As soon as a l l  experimenters '  

This ope ra t iona l  program p r e s e n t l y  o f f e r s  housekeeping 
1 sample/sec o r  1 s a m p l e / l b  sec. 

The reprogrammable f e a t u r e  of t h e  VIP w i l l  a l low s p e c i a l  sampling 
programs t o  be generated which could be used f o r  t r o u b l e  shoot ing  or  
f a i l u r e  ana lys i s  e i t h e r  dur ing  ground test and i n t e g r a t i o n  o r  dur ing  f l i g h t  
opera t ion .  
of experiment or  housekeeping inpu t s  could be  sampled a t  much higher  
rates than would normally be r equ i r ed .  I n  f a c t ,  by sampling only one 
input i n  t h i s  mode, t h e  input could be sampled up t o  380 samples/sec.  

I n  t h i s  r ep rogramab le  mode of ope ra t ion  any one o r  any group 

Conchs  ion 

The VIP w i l l  o f f e r  Nimbus D users a c e n t r a l i z e d  d a t a  process ing  
system whose sampling capac i ty  can be d i s t r i b u t e d  wi th  a maximum amount 
of f l e x i b i l i t y .  This f l e x i b i l i t y  can be used i n  many ways, some of which 
are as follows: 

1. Normal t e s t i n g  and eva lua t ion  dur ing  spacec ra f t  q u a l i f i c a t i o n .  

2.  Malfunction of f a i l u r e  i n v e s t i g a t i o n  dur ing  spacec ra f t  q u a l i f i c a t i o n .  

3 .  Malfuact ion  o r  f a i l u r e  i n v e s t i g a t i o n  a f t e r  launch. 

4 .  Provide f o r  experimenter change of requirements  be fo re  and a f t e r  
1 aunch . 

5 .  Observation of unusual o r  unforseeable  phenomenon. 

6 .  ElimiEation of sampling of i npu t s  a s soc ia t ed  wi th  a f a i l e d  
experiment . 

7 .  Temporary sampling of s e l e c t e d  inpu t s .  
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A b a s i c  understanding of t h e  VIP c a p a b i l i t i e s  s t a t e d  i n  t h i s  paper 
can enable  use r s  t o  ob ta in  maximum bene f i t  from t h e  VIP's f l e x i b i l i t y .  
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APPENDIX A 

*VIP COMMAND LIST DESCRIPTION 

I n  t h e  Versatile Information Processor subsystem, d i f f e r e n t  i n t e r n a l  
commands w i l l  be used by t h e  memory sequencer. These commands when executed 
i n  t h e  proper sequence w i l l  be a b l e  t o  generate  a l l  of t h e  types of programs 
or  sequences requi red  f o r  t h e  Nimbus D mission. 

This appendix provides  a d e t a i l e d  desc r ip t ion  of a s e t  of commands 
which meet the  VIP Spec i f i ca t ion  requirements and desc r ibes  how these  
commands can be used t o  genera te  the  sample format Figure 2 and 2A. 

I. Def in i t ions :  

5 )  

6 )  

"K" r e f e r s  t o  any 10-b i t  word memory loca t ion ,  o ther  than a s c r a t c h  
pad word loca t ion ,  where a s p e c i f i c  command i s  s tored .  

"K+1" ,  e t c .  r e f e r  t o  memory loca t ions  r e l a t i v e  t o  a "K" l oca t ion  
of a s p e c i f i c  command. 

"N" r e f e r s  t o  any one of t h e  e igh t  scratch-pad 10-b i t  word memory 
loca t ions .  These e i g h t  loca t ions  are used as counters  wi th  t h e  
conten ts  of one loca t ion ,  "No') ,  a ss igned  as the  minor frame counter .  

GATE/VALUE Tag r e f e r s  t o  t h e  memory sequencer output b i t  which 
s p e c i f i e s  whether t he  10-b i t  memory sequencer output i s  t o  be 
decoded by t h e  formatt ing un i t  t o  s e l e c t  a p a r t i c u l a r  d a t a  output  
(e.g. ,  GATE) o r  whether t h e  10-b i t  output  i s  t o  be i n s e r t e d  d i r e c t l y  
i n t o  t h e  VIP output  b i t  stream as sync, I D ,  e t c .  (e .g . ,  VALUE). 

"X" r e f e r s  t o  2 s to red  b i t s  of information i n  the VIP which w i l l  
be used t o  spec i fy  t h e  s t a r t i n g  addresses  of fou r  programs which 
can be s to red  i n  memory. When "X" e qua ls  tk binary  counts  of 
ze ro ,  one, two, and t h r e e ,  the  memory loca t ions  s p e c i f i e d  (addressed)  
w i l l  be e i g h t ,  n ine ,  t en  and eleven r e spec t ive ly .  The "X" s to rage  
b i t s  w i l l  be con t ro l l ed  by four  s p e c i f i c  commands from t h e  Nimbus 
Command Clock Subsystem. 

r e f e r s  t o  any one of a maximum of 120 a r b i t r a r y  memory loca t ions  
used f o r  i n d i r e c t  addressing. 

*The command l i s t  d e t a i l e d  he re in  is sub jec t  t o  modi f ica t ion  f o r  the f i n a l  
Nimbus D VIP configurat ion.  
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11. Memory Word Descr ip t ion  

A memory word loca t ion  s h a l l  conta in  10 b i t  p o s i t i o n s  (F igure  A )  with  
t h e  most s i g n i f i c a n t  b i t  i n  p o s i t i o n  #lo, nex t  most s i g n i f i c a n t  b i t  i n  
p o s i t i o n  119, etc .  ( leas t  s i g n i f i c a n t  b i t  i n  g w i t i o n  # l ) .  

I f  t h e  fou r  most s i g n i f i c a n t  b i t s  (e.g. b i t s  #lo, #9, i18, #7) of a 
memory word loca t ion  are not a l l  b inary  "ones" (e .g .  t t l l l 1 1 8 ) 9  t h e  e n t i r e  
10 b i t  word w i l l  be t r a n s f e r r e d  t o  t h e  memory sequencer output  r e g i s t e r  
(see "Command 0" of t h e  fol lowing s e c t i o n ) .  

I f  t h e  four  most s i g n i f i c a n t  b i t s  of a memory word loca t ion  are a l l  
b ina ry  lone l s f t ,  t h e  memory word w i l l  be used t o  gene ra t e  8Tommand 1" 
through "Command 7" ( these  commands are descr ibed  i n  t h e  fol lowing s e c t i o n )  
For  t h e s e  commands, b i t s  #6, # 5 ,  and #4 of t h e  memory word loca t ion  w i l l  be  
used t o  spec i fy  t h e  command number with "001" spec i fy ing  a tTommand l", 
"010" spec i fy ing  a "Command 2", etc .  ; b i t s  #3, #2, and #l of t h e  memory 
word loca t ion  w i l l  be used t o  spec i fy  any counter  ("N")  used wi th  a 
command, wi th  11000" spec i fy ing  l l N O 1 l ,  "001" spec i fy ing  l * N l l l  , etc  e 

111. Commands 

A t  t h e  i n i t i a t i o n  of each of t h e  fol lowing commands, a d i f f e r e n t  a c t i o n  
i s  executed a f t e r  f i r s t  examining t h e  con ten t s  of memory loca t ion  "K". 

Afte r  each command i s  executed,  t h e  memory sequencer output  r e g i s t e r  
w i l l  no t  be changed u n t i l  a llgoI' s i g n a l  from t h e  format t ing  u n i t  i s  
rece ived .  
and used f o r  a sampling per iod t h e  output  r e g i s t e r  con ten t s  and t h e  memory 
sequencer can begin execut ing t h e  next  command; i n  t h i s  manner, t h e  memory 
sequencer genera tes  addresses  and va lues  t o  t h e  format t ing  u n i t  a t  t h e  proper  
rate t o  meet the requi red  system sampling rates. 

The llgoll s i g n a l  i n d i c a t e s  t h a t  t h e  format t ing  u n i t  has  s t o r e d  

Unless otherwise s p e c i f i e d  only one command i s  executed dur ing  a VIP 
sampling per iod.  

A. Command 0 

I f  "K" conta ins  a ''Command O", t r a n s f e r  t h e  con ten t s  of memory loca t ion  
"K" 
GATE/VALUE B i t  t o  GATE. 

t o  t h e  memory sequencer output  r e g i s t e r  and se t  t h e  output  r e g i s t e r  

A f t e r  a "Command 0" i s  executed, t h e  next  command s h a l l  be f e t ched  from 
1 oca t i on "K+ 1" e 

A "Command 0" i s  used t o  genera te  sampling of a r b i t r a r y  inpu t s  one O r  
more t i m e s  i n  each minor frame. 

ii 



B. Command 1 

I f  "K" con ta ins  a "Command l", t r a n s f e r  t h e  conten ts  of memory 
loca t ion  " K + l "  t o  t h e  memory sequencer output r e g i s t e r  and set  t h e  output  
r , eg is te r  GATE/VALUE t a g  t o  VALUE. 

A f t e r  a "Command 1" i s  executed, the  next  command s h a l l  be fe tched  
from loca t ion  l8K+2I1. 

A "C@nmand 1" i s  used t o  gene ra t e  synchronizat ion,  i d e n t i f i c a t i o n  
an'd o t h e r  VALUE words. 

C. Command 2 

If "K" conta ins  a "Command 2", t r a n s f e r  t h e  conten ts  of t h e  s p e c i f i e d  
scratch-pad memory loca t ion  "N" t o  t h e  memory sequencer output r e g i s t e r ,  
set  t h e  GATE/VALUE t a g  t o  GATE, and then increment t h e  conten ts  of "N" 
by t h e  b ina ry  count of one. 

A f t e r  a "Command 2" i s  executed,  t h e  next  command s h a l l  be fe tched  
from loca t ion  I I K + l t l .  

A "Command 2" i s  used wi th  a "Command 3" t o  genera te  sequen t i a l  sub- 
commutation sequences (e.g.  ........ input  5, i npu t  6 ,  input  7 ,  i npu t  8 . . . . . . . )  . 
A "Command 3" must be used t o  spec i fy  t h e  s t a r t i n g  and l i m i t  va lues  each 
sequen t i a l  subcommutated sequence. 

D. Command 3 

I f  "K" con ta ins  a "Command 3",  t r a n s f e r  t h e  conten ts  of t h e  s p e c i f i e d  
scra tch-pad  memory loca t ion  "N" t o  t he  memory sequencer output r e g i s t e r .  
I f  "N" s p e c i f i e s  I 1 N O f l  ( t h e  minor frame c o u n t e r ) ,  t r a n s f e r  t h e  con ten t s  of 
rrX" 

r e g i s t e r  and set  t h e  GATE/VALUE t a g  t o  VALUE. 
s h a l l  be l imi t ed  t o  a maximum binary  count of 255 ( 8  b i t s ) .  Therefore ,  f o r  
I I N I I = I I N O I I  on ly ,  8 n o t  10 b i t s  s h a l l  be t r a n s f e r r e d  t o  t h e  low order  p o s i t i o n s  
of t h e  memory sequencer output r e g i s t e r ) .  
o t h e r  than t l N O l l  se t  t h e  GATE/VALUE tag  t o  GATE. 

t o  t h e  two most s i g n i f i c a n t  b i t  p o s i t i o n s  of t h e  memory sequencer output  
( I t  i s  noted t h a t  ''NOt' 

I f  "N" s p e c i f i e s  any counter  

Next check l INOll  t o  determine i f  l l N O l l  equa l s  t h e  b inary  count  of one. 
(This  check i s  - no t  made when t h e  "N" s p e c i f i e d  by t h e  "Command 3" i n  "K" 
i s  r l N o t l  s i n c e  t h e  purpose of t h e  check i s  t o  make t h e  o t h e r  *IN" counters  
synchronous wi th  I I N o " . )  A count of one i n  l I N O f l  i n d i c a t e s  t h a t  t h e  minor 
frame being generated i s  t h e  f i r s t  minor frame of t h e  major frame. 
t h e  con ten t s  of l l N O f I  equa ls  t h e  b inary  count of one, then load "N" w i th  t h e  
con ten t s  of 11K+211. I f  t h e  conten ts  of "No11 does n o t  equal  one, proceed 
wi th  t h e  fol lowing tes t  which i s  a l s o  performed when t h e  "N" s p e c i f i e d  by 
t h e  "Command 3" i n  "K" i s  l l N O l l .  

I f  
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Test the  conten ts  of "N" a g a i n s t  t h e  con ten t s  of l t K + l l l e  I f  t h e  
con ten t s  of "N" a re  less than t h e  con ten t s  of I 1 K + l 1 ' ,  then increment t h e  
contec:s of "N" by a b inary  count of one. ( I I K + l I 1  s h a l l  conta in  t h e  
l i m i t  v a lue  of t h e  sequence.)  I f  t h e  con ten t s  of "N" a re  equal t o  or  
g r e a t e r  than t h e  conten ts  of I t K + l 1 I ,  then load "N" w i th  t h e  con ten t s  of 
''K+211e (''K+2l1 s h a l l  conta in  t h e  s t a r t i n g  va lue  of t h e  sequence.)  

Af t e r  a "Command 3" i s  executed,  t h e  next  command s h a l l  be f e t ched  
from loca t ion  v 1 K + 3 1 1 e  

A "Command 3" i s  used wi th  a "Command 2" t o  gene ra t e  sequen t i a l  sub- 
commutation sequences. A "Command 3" must be used t o  spec i fy  t h e  s t a r t i n g  
and l i m i t  va lues  f o r  each sequen t i a l  subcommutated sequence. This  command 
a l s o  genera tes  t h e  minor frame count and program mode i d e n t i f i c a t i o n  word. 

E. Command 4 

I f  "K" conta ins  a "Command 4" ,  use  t h e  con ten t s  of t h e  s p e c i f i e d  
scra tch-pad  memory loca t ion  "N" t o  select  ( i n d i r e c t l y  addres s )  a f f Y 1  
word t o  t h e  memory sequencer output  r e g i s t e r ,  se t  t h e  GATE/VALUE t a g  t o  
GATE and increment ' the conten ts  of "N" by one. 

A f t e r  a "Command 4" i s  executed,  t h e  next  command s h a l l  be fe tched  
from loca t ion  l l K + l l l .  

A "Command 4" i s  used wi th  a "Command 5" t o  gene ra t e  a r b i t r a r y  sub- 
commutation sequences (e .g  .,..... input  5 ,  i npu t  14, input  81, inpu t  7 . . . . . . ) .  
A "Command 5" must be used t o  spec i fy  t h e  s t a r t i n g  and l i m i t  llYl addresses  
f o r  each a r b i t r a t y  subcommutated sequence. 

F. Command 5 

I f  "K" conta ins  a I'Command 5", u se  t h e  con ten t s  of t h e  s p e c i f i e d  
scratch-pad memory loca t ion  "N" t o  se lec t  ( i n d i r e c t l y  addres s )  a l l Y ' l  

memory l o c a t i o n ,  and then t r a n s f e r  t h e  con ten t s  of I ' r l  t o  t h e  memory 
sequencer output r e g i s t e r  and set  t h e  GATE/VALUE t a g  t o  GATE. ( I t  i s  
noted  t h a t  l l N O l l  would never be s p e c i f i e d  by a "Command 5".) 

Next check t 'NOl l  t o  determine i f  l l N O l l  equa ls  t h e  b inary  count of one. 
(The purpose of t h e  check i s  t o  make t h e  o the r  "N" counters  synchronous 
wi th  I I N O l l  ) 

1 
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be  a "Command 1" used t o  gene ra t e  t h e  minor frame sync word.) 
t h i s  command i n  I I K + l l '  i s  executed,  do not  proceed wi th  t h e  execut ion of 
ano the r  command u n t i l  t h e  VIP one per  second synchronizat ion pu l se  from 
t h e  fo rma t t ing  u n i t  i s  accepted by t h e  memory sequencer,  

A f t e r  

If  t h e  con ten t s  of l l N O l '  does no t  equal t h e  b inary  count of z e r o s  
execute  t h e  next  command which s h a l l  be i n  loca t ion  I t K + l l 1 .  The check 
of t h e  VIP one per  second synchronizat ion p u l s e  i s  no t  requi red  when "No" 
does not  equal  bina,ry count of zero.  

I t  i s  noted t h a t  both t h e  command following a "Command 7" and t h e  
"Command 7" are executed during a VIP sampling pe r iod ,  

Af t e r  a "Command 7" i s  executed,  t h e  next command s h a l l  be f e t ched  
from loca t ion  I t K + l t t .  

A "Command 7" i s  used t o  make the  memory sequencer and t h e  format t ing  
u n i t  t iming synchronous wi th  t h e  Nimbus D Command Clock subsystem which 
gene ra t e s  che primary spacec ra f t  c lock  frequencies  and t h e  Mini t rack T i m e  
Code. I f  t h e  memory sequencer and t h e  formatt ing u n i t  t iming are syn- 
chronous wi th  t h e  Command Clock, t h e  execution of a "Command 7" s h a l l  
have no e f f e c t  on t h e  output  program being genera ted  by the  memory 
sequencer;  however, i f  t h e  VIP i s  not  i n  synchronism o r  lo ses  synchroni-  
za t ion  with t h e  Command Clock, execut ion of a "Command 7" by t h e  memory 
sequencer s h a l l  "ha l t "  genera t ion  of t h e  memory sequencer program u n t i l  
synchronizat ion i s  e s t ab l i shed .  

I V .  Memory Program 

To i l l u s t r a t e  t h e  use  of t h e  preceding commands, a VIP memory program 
i s  shown i n  F igure  B which w i l l  enable  generat ion of t h e  sample frame 
sequence shown i n  F igures  2 and 2A. 
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A count of one i n  "No4' s h a l l  i n d i c a t e  t h a t  t h e  minor frame being 
generated i s  t h e  f i r s t  minor frame of t h e  major frame. If t h e  con ten t s  
of "Nolc equals  t h e  b inary  count of one, then load "Ntl  wi th  t h e  conten ts  
of "K+2". 
proceed wi th  t h e  fol lowing test : 

I f  t he  con ten t s  of lINOlt  does no t  equal t h e  b ina ry  count of one, 

Test t h e  conten ts  of "N" a g a i n s t  t h e  con ten t s  of l I K + l " .  I f  t h e  
conten ts  of "N" is less than the  con ten t s  of "I I ;+ l t l ,  then increment t h e  
conten ts  of "N" by a b inary  count of one. 
addres s  of t he  sequence.) I f  t h e  con ten t s  of "N" i s  equal t o  o r  g r e a t e r  
than the  conten ts  of llK+lll, then load "N" wi th  t h e  con ten t s  of @ ( K + 2 I 1 .  
("K+2If shall  conta in  t h e  s t a r t i n g  address  of t h e  sequence. 1 

( " K + l "  s h a l l  conta in  t h e  l i m i t  

After  a "Command 5" i s  executed, t h e  next  command s h a l l  be fe tched  
from loca t ion  " K + 3 " .  

A "Command 5" i s  used wi th  a "Command 4" t o  genera te  a r b i t r a r y  sub- 
commutation sequences. 
and limit addresses  f o r  each a r b i t r a r y  subcommutated sequence. 

A "Command 5" must be used t o  s p e c i f y  t h e  s t a r t i n g  

G. Command 6 

If "K" con ta ins  a ttCommand 6 " ,  examine t h e  con ten t s  of l l N O l t .  If 
t h e  minor frame count i n d i c a t e s  t h e  last  minor frame of t h e  major frame 
(e.g. conten ts  of IINO*l equals  t h e  b inary  count of z e r o ) ,  examine "X" and 
then load t h e  i n s t r u c t i o n  counter  w i th  t h e  con ten t s  of t h e  memory loca t ion  
s p e c i f i e d  (addressed)  by "XIf.  I f  t h e  minor frame count does not  equal  
t h e  binary count of zero ,  load t h e  i n s t r u c t i o n  counter  w i th  t h e  con ten t s  
of l l K + l l l  which s h a l l  spec i fy  t h e  s t a r t i n g  address  of t h e  program being 
executed, 

I t  i s  noted t h a t  both t h e  command fol lowing a "Command 6" and t h e  
"Command 6" a r e  executed during a VIP sampling per iod.  

Af t e r  a "Command 0" i s  executed, t h e  next  command s h a l l  be fe tched  
from t h e  locat ion s p e c i f i e d  by t h e  i n s t r u c t i o n  counter .  

A "Command 6" i s  used t o  e i t h e r  jump back t o  t h e  s t a r t i n g  po in t  of 
t h e  program being generated o r  t o  jump t o  t h e  s t a r t i n g  po in t  of a new 
program such that t h e  new commutation sequence (program) a lways  begins 
a t  t h e  start  of a major frame, 

H. Command 7 

If "K" conta ins  a "Command 711, examine t h e  con ten t s  of ' 'NO''.  If 
t h e  con ten t s  of ) I N O l l  equals  t h e  b inary  count of zero ,  execute  t h e  next  
command which s h a l l  be i n  loca t ion  l I K + l I l .  (This  command w i l l  normally 

V 



I 

I *  
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 

I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

t 
5 

e 

V 
W 
v) 
\ 
v) 
0 
a 
g 
0 
0 
d 

I 
I 
I 

c3 z a 
W v )  

g: I 
P I 
- 

5' 

I 
I 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

0 

I 
I 
I 
I 
I 
I 
I 
I 
L, 

f 

a_ 
> 
W 
2 
rY 
a 
5 
0 u 
v) 
Y 
V 
0 
J 
m 

- - - - -I- J - - -  - - - - - 

0 
w 
cn 
0 
-I 
0 z 
W 
rc 



a , “  
m N  
a a  

r;, 
V 

N 

m -  

P- 
In 

o a  
0 

9 L 
L n  I 
o m  ,n a 

I 
I 

U N  

m -  i m a  

m a  

9 

. .  
9 J 

o m  
*. I 

m a  
.- 

m 
W 
2 

I 
a 
a m c  

0 0 0  
m m a  - o m  

N 
w I 

------- 

a 
W 
c- I 

0 

+ 
U 
W 

a 

n 
m 
W 
0 

W 
a 
5 

- 
I 

a 
0 
l- 

a: W 

+- 
1 

0 
2 
0 
J 
U LL * 

- N  
m a  

- - N  m 
a a  a 



N N 

pi 
N N 

ti 0 

p,;pq 
N N 

'I1 
" n 

N 

N 0 



L 

v) 

W 
v) 
3 

a 

a 

a 
k 
i? 
n 

a 

J 

J 
J 

0 
I- 
2 

I 
0 
V 

I- 
3 

I- 
3 
0 
(3 

I" 

a 

;r z 
a 
I- 

> 

I 
W 

't 
v) 

> 

bi 

& 

e 
5 
f a 
0 IA 

I- 
3 
n 
I- 
3 
0 

I- 
a 
a n 
a 
W 
v) 
3 

W 

3 
0 
W 

n 

cr 

a 

v) 

W 
u) 
3 

a 

s 
-I 

2 
2 
n 

a 
J 
J 

0 
I- 
t 
0 
I 

V 

I- 
3 

I- 
3 
0 
0 

E 

a 

z 
E 

& 
I- 

> 

w 
W 0 
z 
W 
I 
I 
0 u 
W 
a 

L 

1 
'7- 

I- 

w o  u o  p 2 2  
.. u-= 
;-7 - : 

! \  

i 

2 ;  
+I +I 

'9 
0 

+I 
X 

I 
u) 
I 
(D 

a 

I 
t 

0 0  0 

W 0 

k 
J P 

4 

.- 
n 

.. .. 
3- :m- 

.- 
U 





0 U 

M 
tt 
w 

0 
0 

k 

z 
(0 
13 
m 
fl 

W 
_I 
a 
E 
a 
CD 

a 
#, 
0 

w 

. '> 



L I o  

w 7 
W w 

- _ _ _ - - -  ? k f  ~ ~ O o O - o O O O - o O o O - -  o o O - o o o O o - O 0 O O O - O o O O - - o O O - o - O O  0 - 0 0 0 - 0 -  
> ~9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -  0 0 0 0 0 0 0 0 - - - O O Q O Q O Q O O - - 0 0 0 0 0 - 0 0 0 - 0 0 0 - 0 0  

P 0 0 0 - 0 ~ 0 Q - 0 ~ 0 0 ~ 0 0 0 0 - 0 0 0 0 ~ - - ~ ~ 0 ~ - ~ 0 0 0 0 ~ 0 0 ~ - - - 0 0 0 - 0 ~ - - 0 -  
Q O O O - 0 0 0 0 - 0 0 0 0 - 0  O O O ~ O O O O ~ O O O ~ O O ~ O O Q O Q O O ~ ~ ~ 0  - 0 0  0 - - 0 0 0 0  00 
~ 0 0 0 - 0 ~ 0 0 - 0 0 0 0 - 0 0 0 0 - 0 0 ~ 0 - 0 0 0 0 0 0 ~ 0 0 0 0 0 0 0 0 0 - 0 - 0 0 0 - 0 0 0 0 0 0  

~ O O O O ~ O O O O - O O O O ~ O O O ~ - O O O O - O O O O O O ~ O O Q O O O O O O - - O O O O - O O ~ - O O  

8 B 5 8 s a  8 E s m o8 p E 2 2 N011v301 ~ ( X I ~ V U  s z 33 8 Y 5 s! 2 r- 2 P T 9 P r z P z, z 2 a s r~ G 3 88 G : s3 8 !a ;c: si 
~ 


